Abstract Seaweeds known as "Mauro" are traditionally used fresh or to prepare omelettes in Sicily (Italy). Twenty samples sold in Catania between May 2005 and September 2007 were analyzed for Escherichia coli, Total Enterobacteria, Aeromonas spp., Pseudomonas spp., Vibrio spp., and Salmonella spp. Thirty Vibrio strains were examined for the presence of the virulence genes, toxR, toxRS, tl, tdh, and trh in the genomes of the isolates. Total Enterobacteria ranged between 2.23 and 6.85 log CFU/g, and in six samples, E. coli ranged between 0.70 and 2.74 log CFU/g. Aeromonas spp. was present in samples between 1.0 and 5.90 log CFU/g, while Pseudomonas spp. ranged between 2.70 and 7.27 log CFU/g. Vibrio spp. was present in 75% of samples at values between 1.30 and 4.60 log CFU/g. The most frequently isolated species was V. alginolyticus (76.66% of isolates), of which 82.60% were positive for toxR and the remaining 17.40% of strains were positive for toxRS. V. parahaemolyticus was identified in 13.33% of strains; all were positive for toxR and, in one case, for both toxR and toxRS. V. coralliitycus was isolated in 6.66% of strains (all positive for toxR), and one was identified as V. mimicus (positive for toxRS). The results of this study suggest that there is need for stringent quality control during harvesting and distribution of Mauro. 
Introduction
For centuries, seaweed has been an important food in the culinary traditions of several coastal populations in Asia, particularly in China, Korea, and especially Japan, where the consumption of 1.6 kg (dry weight) per years per capita has been recorded (FujiwaraArasaki et al. 1984) . Laminaria japonica, Porphyra tenera, Undaria pinnatifida, Eisenia bicyclis, and Ulva lactuca are just some of the species that are normally eaten raw, dried, and as a condiment in soups or drinks. However, their culinary use has been noted in many other countries. For example, before the Spanish conquest of Mexico, the Aztecs used Spirulina maxima (Tecuitlat), which is found in Lake Texcoco; S. fusiformis is eaten in India; the people in Ciad take S. platensis from Lake Kossorom, which is filtered and dried (dihè) and used for the preparation of meat and soup. In different European countries, the consumption of "sea greens" (Ulva lactuca) was common. France has recently discovered such traditions, and in 1988 officially authorized 12 species of seaweed for human consumption, including Chondrus crispus, which is included in the ingredients of a famous milk pudding (blanc manger). In Great Britain, fritters are made from fresh sea lettuce, which is reduced to a puree and mixed with oatmeal. In Ireland, Palmaria palmata and Dilsea edulis are used fresh in salads, while in Norway, "black butter" is prepared using boiled algae. Dishes based on seaweed are found in many Italian coastal areas. For example, in the province of Palermo (Sicily), Nemalion helminthoides, known as "Turkish spaghetti," is eaten, while Hypnea musciformis is used in southeastern Sicily (Lentini and Venza 2007) . The names "Mauru impiriali," "Mauru a ciuffu longu," "Mauru a ciuffu curtu," "Mauru rizzu," and "curaddina" commonly indicate "Mauro," a seaweed that is particularly popular in the provinces of Syracuse, Messina, and, especially, Catania (Nicotra 1960) . The most important species that can be categorized as "Mauro" are Chondrus crispus, Calliblepharis jubata, Grateloupia filicina, Chondracanthus acicularis, and Chondracanthus teedii, which have been often incorrectly identified in some Sicilian dictionaries. The term "Mauro" appeared for the first time in 1838 in a Sicilian dictionary by Mortillaro (1838) , where it was mistakenly defined as "fuco commestibile," thus creating the belief that it belongs to the Fucaceae family. The same definition was reported by Traina in 1868 and by Nicotra D'Urso in 1914. Even older is the term "curaddina" indicated by Del Bono (1751) as "Curallina cordiali," which in this case mistakenly leads one to think of Corallina officinalis. According to Nicotra (1960) , the species consumed in Sicily would be more correctly identified as Chondracanthus teedii (or Gigartina teedii). However, both would be commonly associated due to their anti-helminth properties. The first four species are preferred cooked, fried in hot oil, while curaddina, because of its flavor, fragrance, and tender consistency, is eaten fresh with perhaps a little fresh lemon juice or vinegar and a pinch of salt. Curaddina can be many different colors, from scarlet to a bluish red or green and grows quickly; it is often gathered every 4 days from a depth ranging between 1 and 4 meters, preferably on a rocky seabed, from the end of November to the beginning of September. There is a high demand for curaddina in the summer months and during local festivities. Traditionally, seaweed was torn by hand and placed carefully in sacks on the seabed for harvesting. In the winter, it was gathered by boat by raking the seabed with a long "fork." As soon as it was gathered, the Mauro was washed with seawater and sold on the streets from stalls specifically assembled for this purpose, from fishmongers who dressed the Mauro with lemon juice and salt and served it on paper plates, or occasionally in restaurants. Based on what has already been recorded from the discovery of old local traditions, the aim of this work is to investigate the hygienic quality of Mauro sold in the city of Catania.
Materials and methods
The study was carried out on 20 samples of Mauro sold by fishmongers or from street stalls in Catania between May 2005 and September 2007. All samples were transported for 1 h at a refrigerated temperature to the laboratory to be processed for the following bacteriological determinations: i) Escherichia coli plated onto TBX (Oxoid) (37°C×24 h); ii) total Enterobacteria plated onto violet red bile agar (Oxoid) (37°C×24 h); iii) Aeromonas spp. plated on GSP (Merck) plus penicillin (30°C×24 h); iv) Pseudomonas spp. plated on Pseudomonas agar base (Oxoid) (30°C×24 h); and v) Vibrio spp. plated on thiosulfate citrate bile salt sucrose agar (TCBS) (Oxoid) with 3% NaCl (37°C×24 h). Thirty colonies grown on TCBS were subjected to phenotypic identification as described by Ottaviani et al. (2003) . All strains that were Gram-and oxidase positive, with a typical growth on Kliger iron agar (Oxoid) and capable of developing in the presence of 3% NaCl, were preliminarily subjected to biomolecular analysis using specific primers for Vibrio spp. as described by La Neve et al. (2006) , and then to successive biochemical species identification described by Noguerola and Blanch (2008) . Finally, multiplex PCR was performed for the presence of different virulence genes (ToxR, ToxRS, tl, tdh, and trh), according to the procedures described by Bej et al. (1999) and Xie et al. (2005) . Amplimers were resolved by electrophoresis on a 1.5% agarose gel for 50 min at 110 V and stained with ethidium bromide for 20 min. The samples were tested for Salmonella spp. after a preenrichment in buffered peptone water (35°C×18-24 h) and following enrichment in Rappaport-Vassiliadis enrichment broth (Oxoid) (42°C for 24-48 h) and in selenite broth base (Oxoid) (35°C×18-24 h). After the incubation, the cultures were streaked on XLD (Oxoid) and incubated at 37°C for 24 h. Suspicious colonies were biochemically evaluated using the Api 20E system (BioMérieux).
Results
The examined samples were sometimes identified as Chondrus crispus (Mauru impiriali) or Chondracanthus teedii (curaddina) and more frequently a mixture of both. The seaweed had a pleasant salty smell, a strong clear color, and was never slimy. For all samples, the precise area of origin was never known. With regard to the bacteriological analyses, Enterobacteria contaminated all seaweed samples at 2.23-6.85 log CFU/g; in six samples, E. coli was present at 0.70-2.74 log CFU/g. Vibrio spp. was present in 75% of samples at 1.30-4.60 log CFU/g. The most frequently isolated species was V. alginolyticus (76.66% of isolates) of which 82.60% were positive for genes encoding factor ToxR and the remaining 17.40% possessed genes encoding ToxRS. V. parahaemolyticus was identified in 13.33% of the strains; all were positive for ToxR and, in one case, for both ToxR and ToxRS. V. coralliitycus was isolated in 6.66% of the strains (all positive for ToxR), and one was identified as V. mimicus, which was positive for ToxRS. Aeromonas spp. was present at 1.0-5.90 logs CFU/g, while Pseudomonas spp. ranged from 2.70 to 7.27 logs CFU/g.
Discussion
The results highlight the extreme bacteriological variability of Mauro. The hygienicsanitary profile revealed contamination from total Enterobacteria in different samples and the presence of potentially pathogenic species, such as Vibrio spp. and Aeromonas spp., which is worrisome in a food that is eaten raw. Such results differ greatly from those shown by Karacalar and Turan (2008) in samples of Ulva lactuca sold in Turkey, in which both Vibrio spp. and coliforms were slightly above the value of 4.0 CFU/g or from similar investigations carried out in France, Sweden, and Japan in which coliform values ranged between 10-100 CFU/g. It has been noted that numerous factors can affect the adhesion of bacteria to the surfaces of seaweed as well as the degree of anthropic contamination in the environment of origin. Due to a lack of information regarding the area where the examined samples were gathered, we can only hypothesize about what has already been described for Anemonia sulcata (Ziino et al. 2008) . The fact that the sampling was performed during the hot season, together with anthropic contamination caused by swimmers could have affected the bacteriological levels. Furthermore, it cannot be ruled out that cross contamination could also have occurred during handling.
It is important to also highlight that, as already demonstrated by Paull and Jung Chen (2007) in samples of farmed Gracilaria sp., seaweed represents a subsurface onto which bacteria are able to multiply quickly at room temperature. Consistent with what has already been shown by other authors (Xie et al. 2005) , it is interesting to highlight the large distribution of ToxR and ToxRS pathogenicity factors in both V. parahaemolyticus and other species, which could represent an important reservoir of virulence genes in the aquatic environment. Therefore, we believe that with the aim of safeguarding an old popular tradition, it is necessary to ensure acceptable safety levels for the consumer. For this purpose, it is necessary to thoroughly wash the seaweed to remove sediment and other foreign materials and keep it at a refrigerated temperature, which integrates well with Annex 1, Part A of Regulation (EC) 852/2004 concerning the primary production of foods of animal or vegetable origin to meet the minimal safety requirements stipulated by the European Community.
